The use of fluoride (F -
I. Introduction
Fluorine is the 13th more abundant element on the earth's crust. Human beings are exposed to it naturally in the water sources, with levels ranging from 0.1 to more than 25 mg/L in fresh water, and from 1.2 to 1.5 mg/L in sea water (WHO, 2002) . Fluorine is not found as a free element, nevertheless, it can be found in rocks and the ground in a huge variety of minerals such as calcium fluoride, (CaF2), cryolite (Na3AlF6), apatite [Ca5 (PO4)3F] and topaz [Al2SiO4 (FOH)2]. During the formation of some minerals in the presence of fluoride ions, the hydroxyl ion can be substituted in some of them such as muscovite (K2Al4)(Si6Al2O20)(OH,F)4, that is a kind of mica, and in amphiboles like amosite (FeMg)7(Si4O11)2-(OH)4, and also in horns of animals (Ca,Na)2-3Mg,Fe,Al)5-(Si,Al)8O22OH)2. Fluoride can also be found in andosols of volcanoes and as a subproduct of phosphate fertilizer production (Delmelle et al., 2003; Msonda et al., 2007; Mirlean and Rosenberg, 2007) . CaF2 is found in limestone and sand and it is present in hydrothermal deposits in contact with carbonated rocks. CaF2 (PO4)6 is part of dolomites and limestone (Hernández, 1997) . Natural products of F -vary in function by the geology of the region, particularly considering the water source by height above sea level, and by geothermal activity (Sánchez et al., 2004; Hurtado and Gardea, 2005) . F -in contact with the environment cannot be destroyed, only transformed. Its presence in water depends on pH, water hardness and the presence of materials like clay that have the capacity to interchange ions, transported through the hydrologic cycle. (ATSDR, 2003) . Fluorides are liberated into the environment in a natural way through the weathering and dissolution of minerals, through volcanic emissions, and through sea aerosols. Anthropogenic activities, such as charcoal combustion, the production of iron, aluminum, copper and nickel and the manufacture of glass, bricks and ceramics, also contribute to the release of F-to the air. Flouride is also used in the glue industry. Hexafluorosilicic acid (H2SiF6) and disodium hexafluorosilicate (Na2SiF6) are used in the fluorination of tap water (Hernández, 1997) . Human detritus can increase F -concentration in the environment (WHO, 2002) . Most people are generally exposed to low levels of inorganic F -through consumption of drinking water, food and a variety of dental care products (0.03-0.07 mg kg -1 d -1 ) (NRC, 2006; Rodrigues et al., 2009 ). F -is an important naturally contaminant, is found in deep waters at elevated concentrations in numerous parts of the world. In this areas chronic F -exposure at higher levels (>0.15 mg kg
), mainly through drinking water, can be a significant cause of disease (NRC, 2006) . There is a global endemic problem of underground water that is used for public consumption being contaminated with F- (Amini et al., 2008) . Hydrofluorosis has been reported in India (Misra and Mishra, 2006; Choubisa, 2001) , China (Ando et al., 2001) , Pakistan (Farooqi et al., 2007) , Tanzania (Kaseva, 2006 ), Brazil (Casagranda et al., 2007 , Kenya (Gaciri and Davies, 1993) , Malawi , Taiwan (Lung et al., 2008) and other countries like México (Secretaría de Salud, 2003) .
II. Dynamic of fluoride -in vivo
In humans and animals, F -absorption occurs mainly in the stomach and the intestine. This process depends of the solubility of the ingested fluorinated compound. In the presence of aluminum, phosphate, magnesium and calcium, the absorption can decrease. The fluoride is quickly distributed through systemic circulation, both intracellularly and extracellularly. In humans and laboratory animals, 99 % of F -is retained in bones and teeth (WHO, 2002) . It is able to cross the placental barrier to the fetus, where the levels are lower than those observed in the mother (Caldera et al., 2004) . In children, nearly 80 to 90% of F -is retained, compared to approximately 60% in adults. The highest concentrations are in calcified tissues bone, dentine and enamel. F -is eliminated from the body in urine, sweat, tears and feces (WHO, 2002) .
Dose-response assessment
An acute toxic dose of 5 mg/kg can provoke a variety of effects such as nausea, vomit, abdominal pain, diarrhea, fatigue, somnolence, convulsions, cardiac arrhythmia, coma, respiratory arrest and death. For a human, it has been estimated that a lethal dose for NaF is between 5 and 10 g (32-64 mg/Kg) (ATSDR, 2003) . Toxicity of F -depends on the compound ingested. One of the more soluble salts of inorganic F -is NaF, which is more toxic than the less soluble F -salts, such as CaF2 (WHO, 2002) . Fluoride supplements are a risk factor for fluorosis in young children when used inappropriately and not conforming to appropriate dosing schedules. The non-observed adverse effect limit (NOAEL) is based on long-term studies, preferably of ingested drinking water, for F -is 0.05 mg/kg/body weight in the case of enamel fluorosis. This level, for children under 8 years, will not produce mild fluorosis in permanent teeth. The lowest observed adverse effect limit (LOAEL) causes a detectable adverse health effect. In the context of enamel fluorosis, the LOAEL is 0.1 mg F-/kg body weight. (Browne, 2005) . Teeth F - has been shown to have the following effects in dental enamel: an increase in the size of apatite crystals, an improvement in the crystallinity of apatite and an increase in the driving force towards apatite nucleation and growth (Legeros 1991). Scanning and electron micrographic studies of fluorotic enamel have revealed alterations in morphology and crystal defects. (Yanagisawa et.al., 1989) These collective studies suggest that excessive concentrations of F -in developing enamel partially inhibit proteinases that split larger molecular weight amelogenins. Inhibition at the critical stage of enamel formation could have major effects in structural appearance of fully formed enamel. It is important to assess the calcification and eruption dates of primary and permanent teeth in order to identify when developing teeth are at the most risk of enamel fluorosis (Browne, 2005) . Inhibition at the critical stage of enamel formation could have major effects in structural appearance of fully formed enamel. It is important to assess the calcification and eruption dates of primary and permanent teeth in order to identify when developing teeth are at the most risk of enamel fluorosis (Browne, 2005) . In a previous study in students from 12 to 15 years old, in the comunity of Ex-Hacienda Tula, México, well water had a mean of fluoride about 1.41 mg/L (CI 95%, 1.19, 1.64) with a dental fluorosis prevalence of 85% (VazquezAlvarado et al., 2010) .
III. Fluoride Toxicity in human exposure

Bone
Occurrence of F -bone injury is a complex process that involves both exogenous and endogenous factors. Except for F -burden, F -bone injury is also associated with the genetic background (Cooper et al. 2006) . By stimulating osteoblasts, F -promotes bone formation in both cortical and trabecular bone, but its effect on trabecular bone is greater, occurs earlier, and leads to a more pronounced increase in spine density on x-ray films (Baylink et al., 1983) . Increased risk was due to the excessive F -burden, which could lead to the accumulation of fluorapatite in bone. Fluorapatite is difficult to absorb, can destroy the dynamic balance of bone resorption and formation, and finally leads to bone metabolic disorders depending on the genotype effects where the polymorphic forms TC, TT and CC genotypes for the calcitonin receptor (CTR) gene are able to develop more bone injury (Jun et al., 2011) . Flourosis results in an osteocondensation by altering bone mass through effects on skeletal mineralization, impaired bone resorption and ion induced decreased bone strength (Assefa et al., 2004) . These are all contradictory effects leading to a combination of osteosclerosis, stress fractures, ligamentous calcification, ossification and a radiculomyelopathy owing to mechanical compressive effects (Tamer et al., 2007; Reddy, 2009) . A high concentration of F -in Pakistan is related to vertebral sclerosis, a combination of premature degeneration with anterior disc herniation and an unusual high frequency of vertebral hemangioma. These formed the spectrum of magnetic resonances image findings in subjects with spinal flourosis having backache but no neurological findings. (Ahmed et al., 2013; Sang et al., 2010) . The minimum risk level for fluoride intake is 0.05 mg / kg / day for chronic oral exposure (Choubisa, 2001 ). This value has been considered the toxic threshold that can cause dental fluorosis, skeletal fluorosis, bone deformation and mainly hip fractures (Alarcón et al., 2001 ).
Adverse effects on soft organs
In liver, kidney, parotid glands and brain, damage have been observed (Shan et al., 2004; Shantakumari 2004; Wang et al., 2004) . There is also a higher risk of brain damage and IQ reduction in children as well as soft tissues such as reproductive organs, and the endothelium (NRC, 2006) . Exposure to F -increases the production of superoxide as a consequence of hydrogen peroxide metabolism inducing eroxinitrate, hydroxyl radicals, and increasing oxidative stress (Barbier et al., 2010; Garcia-Montalvo et al., 2009; Chinoy, 2003) and inducing lypoperoxidation of membranes, apoptosis and DNA damage . The clinical application of NaF induced genotoxicity on the oral epithelium in acute exposition according to Vázquez-Alvarado et al., (2012) . Tiwari and Rao (2010) considered F -as a mutagenic agent that even in low concentrations can increase the induction of chromosomal aberrations.
Reproductive system
Reproductive function of female rats was markedly damaged when they were exposed to NaF (100, 150 and 200 mg/L). The endometrial cells became larger, and the endometrial glands became hypertrophic. The total number of each type of follicle was changed in NaF groups: the number of small follicles increased and the large follicle number decreased. This indicates that sufficiently high fluoride intake through drinking water may reduce female reproductive function by affecting steroidogenesis and steroid hormone receptor expression, underlying poor reproduction in females that have been exposed to sodium fluoride (Zhou et al., 2013) .
DNA alterations
The high concentration of F -also affected DNA of epithelial cells, making them susceptible to mutations, transformation and the development of neoplasia. (Guachalla and Ascarrunz, 2003) . In a study the increase in DNA damage of epithelial cells when they were in contact with NaF (2 %) made evident the high genotoxic potential of F -, since most of the cells of this group were classified with the maximum degree of damage (45%). Considering that the samples were taken from the same students used for negative control, the topical appliance of fluoride gel on teeth is able to induce a very significant DNA damage on the oral epithelial cells in an acute exposure. In a community with water concentration for human consumption of 1.67 mg/L, severe genotoxic damage was observed in oral epithelial cells with the comet assay, similar to that observed after the clinical appliance for NaF (Vázquez-Alvarado et al., 2012) .
Oxidative stress
Chronic fluoride exposure can induce oxidative stress (Bouaziz et al., 2007) , while oxidative stress is closely related to inflammation and endothelial cell activation. The excess fluoride promotes atherosclerosis by inducing oxidative stress and endothelial activation. Experimental studies in animals have demonstrated that the atherogenic effect and inflammatory responses are due to fluoride, and not lipid metabolic disorder, which plays a crucial role in the cardiovascular toxicity of fluoride (Flora et al., 2011; Gamkrelidze, et al., 2008) . A positive closed relationship between fluoride exposure and the prevalence of carotid artery atherosclerosis was found using cross-sectional study. It is also noted that elevated inter cellular adhesion molecule 1 (ICAM-1) and decreased glutatine peroxidase (GPx) were associated with carotid atherosclerosis in fluoride endemic areas (Liu et al., 2014) . Decreased expression of insulin mRNA in pancreatic TC-6 cells could be associated with oxidative stress induced by F -exposure. Sakai et al., (2003) reported that hydrogen peroxide in murine pancreatic cells (MIN6) induced mitochondrial ROS, which suppressed first-phase Glucose-stimulated insulin secretion (GSIS), at least, in part through the suppression of Glyceraldhyde-3-phosphatedehydrogenase (GAPDH) activity. Some authors propose that mitochondrial overwork may be a potential mechanism through which firstphase GSIS becomes impaired in the early stages of diabetes mellitus. Furthermore, Kaneto et al., (2005) reported that when oxidative stress was induced in cells in vitro, insulin gene promoter activity and mRNA levels were suppressed. They were accompanied by a reduced activity of pancreatic and duodenal homeobox factor-1 (PDX-1), which is an important transcription factor for the insulin gene. Moreover, diabetic individuals may have higher F -intake and retention than healthy individuals due to increased water intake and decreased renal clearance. Also, there is increased retention of F -in the body for patients with kidney damage, or those with compromised renal clearance, such as the elderly, and those whose diets are deficient of Ca 2+ . Therefore, in these conditions, the severity of the diabetes could increase as the F -exposure increases (García-Montalvo et al., 2009).
Brain damage
Epidemiological evidence supports that fluoride may impair children's learning and memory ability. Children's intelligence quotient (IQ) scores are significantly lower in highlevel fluoride areas of Shanxi Province compared to those of children in non-endemic areas . Calderon et al., (2000) found that 6-8-year-old children showed lower reaction rates and reduced abstract thinking ability in the city of San Luis Potosi (Mexico), which is probably due to long-term excessive intake of fluoride through drinking water. Pereira et al., (2011) found that NaF-induced memory impairment was associated with NA and 5-HT increases in discrete rat brain regions. In addition, fluoride may affect the activity of some enzymes in the brain. Bharti et al. (2012) confirmed that F -significantly reduces acetylcholine esterase (AchE) content in rat brain. Degroot et al., (2002) found that AchE can inhibit the formation of physostigmine in either the dorsal or the ventral hippocampus, resulting in increased exploratory behavior in the open arm elevated-plus maze, which was in accordance with the findings of Liu et al., (2014) . The learning and memory deficits are the result of interaction of fluoride with the activity of the enzyme acetylcholine esterase. Exposure to fluoride also results in a decrease of the nicotinic acetylcholine receptors (Shan et al., 2004 ). Fluoride exposed rats showed inhibition of spontaneous motor activity, due to alterations in the function of neurotransmitters, their structure and cholinergic mechanisms (Raghu et al., 2013) .
Hypertension and excess of F -
Essential hypertension is the most common type of hypertension (HTN) in 90% of patients. Although the root causes of HTN are still being explored, endocrine system components such as the renin-angiotensin system, mineralocorticoids, catecholamines, endothelins (ET), and nitric oxide (Carey, 2011) have been demonstrated to play an important role in essential HTN. In recent years, the role of ET in HTN has received more attention. As the principal member of the ET family, Endothelin-1 (ET-1) was originally isolated and characterized from the culture media of aortic endothelial cells (Yanagisawa et al., 1988) . ET-1 carries out a variety of physiological and pathophysiological functions in vascular biology, and its main action is to increase blood pressure (BP) and vascular tone (Agapitov and Haynes, 2002; Kawanabe and Nauli, 2011) . Moreover, ET-1 was suggested to play a crucial role in several cardiovascular diseases, including congestive heart failure (CHF), HTN, atherosclerosis (AS), renal disease and many others (Masaki, 2004; Khimji and Rockey, 2010) . There is a significant relationship between an excess of F -exposure from drinking water and essential HTN in adults living in fluoride endemic areas; although, the underlying mechanisms were somewhat unclears, the ET-1 might be related with this phenomenon (Sun et al., 2013) . Vascular oxidative stress could contribute to vascular stiffness (Delles et al., 2008; Noma et al., 2007) . With an increase of fluoride concentrations in drinking water, vascular compliance decreased and stiffness increased (Varol et al., 2010; Varol and Varol, 2012) .
Cholesterol and fluoride
The liver is the most effective organ of the body in synthesizing cholesterol. There are significantly adverse changes in the lipid and lipoprotein profiles, total cholesterol, highdensity lipoprotein (HDL), low-density lipoprotein (LDL) and triglycerides in postmenopausal women (Oral and Ozbasar 2003) and fluorotic patients (Shashi and Kumar 2008; Juganmohan et al., 2010) . Fluorides reduce lipoprotein lipase (LPL) activity and cause a diminished peripheral removal of lipoproteins in plasma (Kokotos et al., 2010) . Theoretically, the reduction in LPL activity could result from the direct inhibition of the enzyme by fluorides, or from the decreased levels of plasma apoprotein CII, known as an activator of LPL. The decline in the cholesterol content may be due to inhibition of lipid synthesis by fluoride as well as increased utilization of stored lipids as a source of energy to conduct regular metabolic functions. Fluoride is a well-known inhibitor of lipases, phosphatases, esterases, and acetyl Co-A synthetase. It interferes with fatty acid oxidation which results in decreased synthesis of cholesterol from Acetyl Co-A (Bennis et al., 1993) . Fluoride reduces the absorption of cholesterol and bile salt from plasma and intestine, which could result in an increased conversion of bile acids in the liver. Bile acids are known to inhibit cholesterol synthesis in the intestine. This is indicative of hepato-biliary disturbances in fluoride intoxication (Cao et al., 2014) . A study showed hypocholestrolemia and hypolipidemia, and hypertriglyceridemia, and revealed a significantly increased TC/HDL, and LDL/HDL ratio in fluorotic patients. High fluoride levels in drinking water may prevent atherosclerosis. Hypocholesterolemia was observed in patients affected with fluorosis due to high fluoride intake through drinking water. Fluoride may cause disturbances in lipid metabolism (Bhardwaj and Shashi 2013) . The decline in the cholesterol content may be due to inhibition of lipid synthesis by fluoride as well as increased utilization of stored lipids as a source of energy to conduct regular metabolic functions. Flavonoids reduce the levels of cholesterol in plasma and thus slow down the process of atherosclerosis in blood vessels. Biochemical work on lipid metabolism and endemic fluorosis is limited and results are conflicting. Earlier workers demonstrated decreased levels of cholesterol in the patients with skeletal fluorosis (Chinoy et al., 1992) .
Renal failure
During tooth formation, renal insufficiency is also associated with defective tooth structure and in particular, enamels hypoplasia (Farge et al., 2006) . In patients with renal insufficiency, the decreased ability to excrete F -leads to increased retention of this anion. Donacian et al., (2008) tested that uremia aggravates the F -, inducing changes in developing teeth of rats incisors. This tooth model continuously erupts and contains all stages of dentine and enamel formation in a single tooth. There are series of retrospective clinical studies in children or adults with chronic renal failure, end-stage renal disease, or following kidney transplantation that have associated poor renal function with enamel developmental defects in primary (mainly canines) and permanent dentition (Lucas and Roberts 2005; Al Nowaiser et al., 2003) . The transitional-stage ameloblast appears to be particularly sensitive to both the effects of uremia and F - (Lyaruu et al., 2006) . The effects of uremia are primarily in the dentine but also occur in enamel, resulting in hyperplasia and pitting of the enamel surface. The crown portion of human central incisors (the most aesthetically visible teeth) forms up to approximately five years of age, with the second permanent molars forming by about eight year of age. Therefore, children who present with renal insufficiency before the age of eight years are at risk for tooth defects. These effects will be more severe with an increased ingestion of F -by young children with renal failure. F -supplements or swallowing F -containing toothpaste is contraindicated as suggested previously (Lucas and Roberts 2005) . Further studies to determine the specific stage of uremia and F -on tooth formation may result in a better understanding of the overall effects of uremia on mineralized tissues such as dentine, enamel and bone (Donacian et al., 2008) Apoptosis Apoptosis plays an important role in F -toxicity in several cell types, including pancreatic cells possibly because of the involvement of oxidative stress, as reported for HL-60 cells exposed to 2 mM NaF (Anuradha et al., 2001) or primary cultured hippocampal neurons exposed to 0.476, 0.952 and 1.904 mM NaF (Zhang et al., 2007) . The effects of F -on glucose metabolism have been examined in both in vivo and in vitro studies. Trivedi et al., (1993) reported impaired glucose tolerance in 10 of 25 residents of an area with endemic fluorosis. An increase of 17% in serum glucose was observed in rabbits administered with F -in drinking water at 100 mg/L for 6 months (Turner et al., 1997) . Additionally, Rigalli et al., (1995) reported a decreased in insulin levels, an increased in plasma glucose and a disturbance of the glucose tolerance test in rats after an oral dose of a solution 40 M NaF per 100 g body weight. In vitro studies have been controversial, for example, Komatsu et al., (1995) found that, in rat insulinoma (RINm5F) cells exposed to 5-15 mM NaF increased insulin release for up to 60 minutes in a dose-dependent manner. Studies done in Langerhans islets isolated from rats showed a relationship between F -exposure and decreased insulin secretion. However, Menoyo et al. (2005) found an inhibitory effect on insulin secretion at micromolar concentrations (5-20 M).
Conclusions
Because of the universal presence of fluorides in the earths´s crust, it is found in rivers, lakes, oceans and underground water. Also in rocks, sediments, andosols volcanoes, in air biota, dead organic matter and anthropogenic sources. F -is absorbed by living things; it is very toxic when ingested in amounts over 0.05 mg/kg/day for a chronic oral exposure, is considered a potentially toxic trace element with a very small safety margin. This work focus on showing the effects of inorganic F -on the cellular function of several tissue systems. The studies described above demonstrated that chronic toxic effects of F -can interact with a wide range of cellular processes and systems, as well as, hard tissues included dental fluorosis, skeletal fluorosis, bone deformation and hips fractures. Fluoride toxicity is also related with damage to soft tissues like kidney, liver, reproductive organs and brain. Nevertheless, the complexity of fluoride´s effects on these processes should be appreciated because the effects induced by F -are closely related to dose and concentrations that can be managed with appropriate exposure limits principally for drinking water, to avoid risk for public health. 
